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Emergence of the newly identified 16S rRNA methy-
lases RmtA, RmtB, and ArmA in pathogenic gram-negative
bacilli has been a growing concern. ArmA, which had been
identified exclusively in Europe, was also found in several
gram-negative pathogenic bacilli isolated in Japan, sug-
gesting global dissemination of hazardous multiple amino-
glycoside resistance genes.

ultidrug-resistant gram-negative super microbes

have been emerging worldwide. Since carbapenems
and fluoroquinolones are the last resort against infections
caused by gram-negative bacilli (1,2), the proliferation
and dissemination of such clinical isolates that produce
metallo-B-lactamases and acquire mutations in gyr4 and
parC genes have become a global threat (3,4).
Aminoglycosides, including amikacin and tobramycin,
are still potent agents for use against resistant bacilli. One
of the most common resistance mechanisms against
aminoglycosides is the production of aminoglycoside-
modifying enzymes, such as aminoglycoside acetyltrans-
ferases, - aminoglycoside phosphorylases, and amino-
glycoside adenyltransferases (5), which are mainly medi-
ated by transferable large plasmids.

Recently, a series of special methylases that protect
microbial 16S rRNA, the main target of aminoglycosides,
was identified in several nosocomial pathogens, including
Pseudomonas aeruginosa (6), Serratia marcescens (7),
and Klebsiella pneumoniae (8). The newly identified 16S
rRNA methylases RmtA and RmtB were reported from
Japan in 2003 and 2004, respectively (6,7). The gene for
ArmA was initially sequenced in Citrobacter freundii iso-
lated in Poland (GenBank accession no. AF550415) and
later characterized in K. preumoniae isolated in France in

2003 (8). In 2004, nosocomial spread of ArmA- or RmtB-

producing Escherichia coli and K. pneumoniae was report-
ed from Taiwan (9).

These enzymes are capable of conferring an extraordi-
nary high level of resistance (MIC >512 mg/L) against
most clinically important aminoglycosides as was
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observed among aminoglycoside-producing actino-
mycetes, suggesting their probable phylogenic relationship
with the intrinsic 16S rRNA methylases of actinomycetes
(Figure). RmtA shared 82% amino acid identity with
RmtB, but the amino acid sequence similarities between
16S rRNA methylases isolated from pathogenic gram-neg-
ative microbes and those from aminoglycoside-producing
actinomycetes were relatively low (<33%). From analyses
of the genetic environments of genes encoding 16S rRNA
methylases, the rmrd gene is likely associated with the
mercury-resistant transposon Tn5047 (10); the rmtB gene
was found in the flanking region of Tn3-like structure (7).
The armA gene was found on a large plasmid which
carries a type 1 integron (8) that mediates various gene
cassettes responsible for multiple antimicrobial resistance.
The structure of these genetic environments implied that
the genes for these 165 rRNA methylases are mediated by
mobile genetic elements carried by transferable large plas-
mids (7,8,10). In fact, the rmt4 gene was transferred from
P, aeruginosa strain AR-2 to an aminoglycoside-suscepti-
ble P aeruginosa strain 105 by conjugation in vitro (6).
The rmtB gene was also transferred from S. marcescens S-
95 to E. coli by transformation (7). The armA gene was
located on a composite transposon Tn/548 (11).
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Figure. Phylogenic relationship among the 163 rRNA methylases.
Each amino acid sequence was subjected to the analysis referred
fo the following sources: FmrO, accession no. JN0651; Kmr,
accession no. AB164642; GrmA, accession no. M55520; GrmB,
accession no. M55521; GrmO, accession no. AY524043; Kan,
accession no. AJ414669; Sgm, accession no. A45282; KgmB,
accession no. S60108; NbrB, accession no. AF038408; FMRO,
Q08325; RmtA, (6); RmtB, (7); ArmA, (8); predicted enoyl-CoA
hydratase/carnithine racemase of uncultured marine gamma pro-
teobacterium EBAC20E09, accession no. AAS73112; putative
methylase of Chlorobium tepidum, accession no. AAM72273;
hypothetical protein of Nanoarchaeum equitans, accession no.
AAR39385. The ClustalW program provided by the DNA Data
Bank of Japan (http://www.ddbj.nig.ac.jp/search/clustalw-e.html)
was used in this study.
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DISPATCHES

Thus, the growing concern was that these newly identi-
fied aminoglycoside-resistance genes could easily spread
and be further disseminated among the glucose-nonfer-
mentative gram-negative bacilli, including P. aeruginosa
and Acinetobacter spp. and the genera belonging to the
family Enterobacteriaceae.

The Study

We conducted a preliminary screening of the 165 rRNA
methylase-producing bacilli on our gram-negative micro-
bial stock of 2,877 strains isolated from Japanese hospitals
within the past several years. Arbekacin, a semisynthetic
aminoglycoside belonging to the kanamycin group,
requires 2 modifications at the (6”) aminogroup and the
(2”") hydroxyl group for inactivation, so this agent is not
inactivated by known plasmid-mediated aminoglycoside-
modifying enzymes. Therefore, a high-level arbekacin
resistance (MIC >512 mg/L) was used as a marker for
screening the 16S rRNA methylase-producing strains. All
arbekacin-resistant strains were subjected to polymerase
chain reaction (PCR) analysis to detect rmtd, rmiB, or
armA, and all strains were PCR positive, except for a strain
of Acinetobacter demonstrating a very high level of resist-
ance to arbekacin (MIC 1,024 mg/L). This strain was later
shown to produce both aminoglycoside 6’-acetyltrans-
ferase and 2”-adenyltransferase (12), so arbekacin was
inactivated in this strain by both 6’-acetylation and 2”-
adenylation. Each PCR primer set was used to detect rmtA4
and rmtB genes as in our previous reports (6,7). The PCR
primers for amplification of armd were newly designed
(forward: 5-AGG TTG TTT CCA TTT CTG AG-¥,
reverse: 5-TCT CTT CCATTC CCT TCT CC-3), and the
predicted size of the amplicon was 590 bp. These 3 sets of
PCR primers were very reliable in detecting rmtd, rmtB,
and armA genes, respectively. Each PCR amplicon was
then subjected to sequencing analyses on both strands to

confirm its nucleotide sequences for detecting mutations in
the methylase genes.

As reported in our previous study, rmt4 and rmiB genes
had been found in P. geruginosa isolates (6,10) and in 1
strain of S. marcescens (7), respectively. As shown in the
Table, 5 P. aeruginosa strains isolated after our previous
report (6) were rmtA positive. The rmtB gene was addition-
ally identified in 4 K. pneumoniae, 2 E. coli, and 1 K. oxy-
foca strains in Japan. To our surprise, the armA gene,
which had been found in various gram-negative microbial
species belonging to the family Enterobacteriaceae exclu-
sively in Europe as reported by Galimand et al. (13), was
also identified in Japan in 1 strain each of E. coli, S.
marcescens, and Acinetobacter sp. Notably, the armA4 and
rmtB genes were also recently identified in K. pneumoniae
and E. coli in Taiwan (9). Furthermore, the genetic envi-
ronment of the armA gene found in C. freundii isolated in
Poland was similar to that of K. preumoniae isolated in
France. The genetic environments of the armA gene found
in the 3 Japanese microbial species, E. coli, S. marcescens,
and Acinetobacter sp. (GenBank accession nos. AB116388
and AB117519), were also similar to those found in
Europe (GenBank accession nos. AF550415 and
AY220558). These findings suggest that the ArmA-pro-
ducing gram-negative nosocomial microbes that harbor a
very similar genetic environment carrying the arm4 gene
have spread globally.

Conclusions

As described previously, arbekacin still shows a very
broad antimicrobial spectrum from gram-positive to gram-
negative nosocomial microbes and has been approved
solely to treat methicillin-resistant Staphylococcus aureus
(MRSA) infections in Japan since 1990 to ensure the pru-
dent use of this agent. The emergence and presence of the
16S rRNA methylase-producing gram-negative bacilli,

Table. Methylase-producing strains of 16S rRNA identified after previous study (6)

Species and strain Type Year of isolation Hospital Prefecture
Pseudomonas aeruginosa P122 RmMtA 2002 A Aichi

P. aeruginosa P340 RmtA 2002 B Gifu

P. aeruginosa 02-386 RmtA 2002 Cc Saitama
P. aeruginosa 03-29 RmtA 2003 D Aichi

P. aeruginosa 03-230 RmtA 2003 E Shizuoka
Escherichia coli 01-139 RmtB 2001 H Yamanashi
Klebsiella pneumoniae 01-140 RmtB 2001 H Yamanashi
Klebsiella oxytoca 01-141 RmtB 2001 H Yamanashi
K. pneumoniae 01-142 RmtB 2001 H Yamanashi
E. coliC316 RmtB 2002 F Hyogo
Serratia marcescens S85 RmtB 2002 G Kohchi
K. pneumoniae 03-252 RmtB 2003 H Yamanashi
K. pneumoniae 03-518 RmtB 2003 H Yamanashi
E. coli C316-2 ArmA 2003 F Hyogo
S. marcescens ARS8 ArmA 2003 | Tochigi
Acinetobacter sp. ARS6 ArmA 2003 J Kanagawa
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however, has not been well recognized in Japan to date;
arbekacin has not been listed among the antimicrobial
agents for daily antimicrobial susceptibility testing of
gram-negative microbes.

The use of semisynthetic aminoglycosides, including
arbekacin, in Japanese clinical settings for >10 years may
have promoted the emergence and dissemination of the
165 rRNA methylase-producing gram-negative microbes
in Japan. The large amount of various aminoglycosides
used in livestock-farming environments could have also
been a selective pressure for the emergence and spread of
pathogenic microbes that harbor genetic determinants for
the newly identified 16S rRNA methylases, as exemplified
by recent isolation of ArmA-producing E. coli from swine
in Spain (GenBank accession no. AY522431).

Since acquisition of multidrug resistance against clini-
cally important antimicrobial agents such as carbapenems
and fluoroquinolones has been developing rapidly world-
wide, the acceleration of even greater aminoglycoside
resistance among gram-negative bacilli promises to
become an actual clinical concern in the near future, just
as vancomycin-resistant enterococci (VRE) did in the
1990s (14). The emergence of gram-positive cocci includ-
ing MRSA and VRE that acquire the 16S rRNA methylase
could also be a grave clinical matter, although fortunately
no such hazardous microbes have been identified. Thus,
steps must be taken to block further proliferation of these
multidrug-resistant gram-negative super microbes;
including P. aeruginosa, K. pneumoniae, and Acineto-
bacter spp., as well as multidrug-resistant cocci such as
MRSA and VRE, which have acquired an extraordinarily
high level of resistance to various aminoglycosides
through production of 16S rRNA methylases, especially
in clinical environments.
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Analyses of surveillance items for effective preventive measures against nosocomial infection in NICU

*10saka Medical Center for Maternal and Child Health, *?Fukuoka Children’s Hospital,
*3 Juntendo University Izunagaoka Hospital, **Nagoya 2nd Red Cross Medical Center,
*®Nagano Children’s Hospital, * 8 International Medical Center of Japan

Hiroyuki KITAJIMA *!, Tsutomu KONDO *2, Seigo SHIGA *
Hisanori SOBAJIMA **, Tomohiko NAKAMURA *5, Hirofumi MIYAZAWA * ¢

We investigated effective preventive measures against nosocomial infections in 60 large Neonatal intensive
care units (NICUs) that had over 20 admissions of very low birth weight (VLBW) infants annually in
Japan, by a questionnaires survey of infected patients’ lists in 2,000 and various control measures in details.
Ninety of the 169 facilities replied to these questionnaires (53.2%). Nosocomial infection rate was 11.1% in
3214 admissions of VLBW and the rate of MRSA infection dominated as 46% in total nosocomial infections.
Related items of preventive measures for MRSA infection were as follows ; total infection rate, treatment
of MRSA carrier infants, usage of gloves, individual use of various devices, hand washing with disinfectants,
terminal sterilization of incubators. Multiple regression analyses using items described above revealed that
mupirocin ointment therapy against MRSA carrier infants reduced significantly the total MRSA infection
rates (OR : 3.34, p = 0044) and the terminal sterilization of the incubators was relatively effective (OR :
3.74, p = 0.054). 1t is necessary to include these items in the surveillance system in order to search effective
control measures against nosocomial infection, especially MRSA infection.
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ZHEBRANTEAT R &, ACTY VTR B REEEEHE (OR © 334, p = 0044) PEBIZESERZ T S,
REBHKNEFE (OR : 374, p = 0054) bZOMEETH o7 LREOERRFZ2EOIRED Y A F A58 %
BEBRGH S — A 5 AOWAEBIZED AL LB D T2,
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BRIL, B CTREBFNDT PO+ T4
ZIWZIFTEEL, WROBEDT 7E1TH0
ABLEDIENBETH o1z, HEFHFKTIE
BLHFIBREATHDZER, TPH%EL
[CTNDXRELIEHELE>TUD,
SEROERNRRE, MBOBBICa&HhETRE
REU TEESNTHLINREBRABEEE LT
Do THORBERFANASHBELA>TND
BES, TOFPMERERICENESND, THD
5, RLBSENLRVFETICDHAIFDNDMEE
TEORREVELIFRICETIND, LAL, Lk
Lz L DEBEmRAslE, SEBRDANTIEH
RCUHBL, DBESCRERCREZUCR
BRNEDEDFEZRFEAMMTLUESHEITH D
JCRFVWDSETERN, BESEREEELTE
BRICWESNAOND, 1RCBRAERT A=
HEETHDI %, FEERBEROERSEEHIC
THERHT DREN DD,

A B 89(16.7%), 1R A FE398(74.7%) T &
D, EFRHEMTHREEE S TETWEDIE8.6
PDIBE L, FOEFPREROEED £ < 13
FERIRIRER 501 IREA_E O KB BRER Ic e L,
FERHRIR & U T3 21 BREL L o) Jei ik & 70 i
BHRBICIRE I N T Wiz, ULy b B AR -
BAHWTORRERENLE - DREOT V&
— MAETIL, W%%%,#TTE%%,%
éﬁﬂm%, 55 15%, #AEREH 7% TH
s IEABETIE, BYPE41%, ¥ 7R 21%,
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B BRI RORERCSITD MRSA OIS

BRI 9% TH 51,

OB REDKEE, TREE bITHA
R - RO RABE GRINERE b A 2N D) Ok
> MRSA <eJili 4 o0 95 B B e 2 e~ IR § B
AR AL TV A L Th o, 24T
RRENONE, ERAFEECIRERBESH
CHOERFELS N, SRE VHOER~D T
TRAF D T DRI D { %0 B T bR
S, RABTREBT~OT THHa312457% 2
TR, MROBED T LiTR W
AR B L AT -2, MEIIRAT
37 CBFIBEEAANTH D 2L, 7T H%
ALICENEKRELEREL>TV12, INb
DEEE R, FRENICHED %L L CRMBRL
YR TEMROBEE £ O B 5, AR
DB FERHT B,

MRSA BiseiED NICU - BEE
AR (ERERMEREER) AD
YD ICDOLT?

1961 FEICHEE THIH T MRSA g 3 41,
1970 AR5 & E T MRSA Beon B Hs A
Litt, —77, 1980 FNIT A B L ZHEHTHLA

M2 MRSA CHH33755—BROEHNT

FVEF D RLE e AR AT 2 b, RBCED L
7275, BARICBWTOAEMAEWMERL 2,
BARTIZZ T ABREREAEICH L7 = &
REHH BRI, THNRSLEDEZ O
LA AER CER S 1, & o citiE
bz L72@®@1), |

FOERICEIARIIBNTE?2 3Rty
L LARDEFRIOBRESF LOEZYY, BRIKTIE
KRR ABE B L] DRI O R LRI
W72 b T, THICE W) Z L TREDHTIL
WHERI MR S 7,

—75, BRIRTAEEE 5 MRSA DD £ <
Ba7 /77— TH), BEREYV 2 v 7
15 ## 3 F (toxic shock syndrome toxin-1;
TSST-D)EAMEELLTEL2®), 2T 7
Z7—YIIHBET7 FVREOFEERFN 1 2TH
5, HBT7T FY7EEIZ2T 77 -2k -T8
DOBHITHNBEY, aT 7T —YIEDORE
(31983 LIk, A#icwmLTBY, —FN
B L TnwaEY), SH5ICRITICRT L
Ji, NEOKREBBEBEOBEZER S TSST-1
BRI ) LMOBPITZEA LR > TWwirniE
eF-TBY), mOBEDHKRTH 5,

1980 A 6, —EBD NICU IZBWT

—289—

BHEEMEEE Vol.59 No.8 2005/8 @ 737



“urrent ocus

&1 ATPIS—-CRBIDERESE

0 6 2 27 0 0 14 0 49

1 11 1 1 1 2 18 1 36
1 4 1 0 0 2 1 0 9
0 2 2 0 0 0 0 0 4
1 11 0 1 0 0 0 0 13
0 5 0 0 0 0 0 0 5
0 1 0 0 0 0 0 0 1
1 88 4 1 0 0 0 0 94
0 22 0 0 0 0 0 0 22
0 2 0 0 0 0 0 0 2
21 54 48 10 8 0 31 3 175
25 206 58 40 9 4 64 4 410

MRSA BEufe H8ss & fUpho, 1990 41813 AEDRIZ 2)DEMT X 2751 TR

» HBEITHITTEED NICU TR - T FEDH Y 5%,

Ebtnwzid, EFLY 0BTk B L, 1994 1) o BEBEHIr DS Ay TN —4

Fzi3AbEE - BEE - U o —E o NICU » T (REN) L RRIL(OERN - BE V\J)

& MRSA BREFED R 6 T 7255, 1996 412 2) BHRRIE » FROHFUE (hF nAaBic

WZHER - BEVE - HEE 2EA~DEHD &, RIE KRG % PER T )

BoEmL 2 DEERTRLNT WS, 3) BHAMETE 74 RABDEHNTHOES

& CITHFAE R TSS HRFEEAE (neonatal TSS- X5k

like exanthematous disease ; NTED) i3, =& 4) RN 2RZOETAICL 2FiRVE

LY IR ADRE A MRSA D4 5 TSST- B DN (1 [BE B0 EE)

1ERICHEL, COFRIFRA——PHEL 5) FHAIZERE DE L E B (RIEET - B85

TRAT A & 2HEH L2, ZOWR&AI31995 4 e ERBARNIZT 5)

121319,/ 74 (25.7%), 1998 4121391 /152

(59.9%) D E R T NICU # o Mg fﬁaﬁ, WEROKREIIEETH ), MRSA oYk

T8, 2FE® NICU - #it BRE THIE TR 512, B 3DFEESKIGIRMICES

STWwbEEILNBEY, b @Fuﬁﬁlﬁ;’é VA DEERT7T FUREL2EEZIRLIETHD, &

IR LT 22BN ET 5, DR % FHWT, —RIEEFTENRR S FHER

.

S ERRIC ST DR FERD
EZKE il

SGEECHENO L WIEEFHERICE, ElL
72 & O ITEBEA O IEF R % R ISR I
EIEHILTHhD, T L TEEHBEEDES
LD, REEHEOEEZZC. £D72HIC
BUTOSEEZFITTHI LT, ) D%
WBRTHDOMERH L &FEZ 55, NICU
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12831 BETOAR)
20t [o2]a] o] zs[ a7 o8 as a0 31 [ 2 [ 3] ¢

A(l) I e

BEES

MRSA (vVIl)

/ MRSA(1) TEmEAIDE)

28 316|308 =
SERI 2 & 313 D IRIERAL [Cremnro @swmesn Elese B
Lk (

HREAAER

E4 EE | ORERR 2001 12 BORSHEDHBHHES 8 BORERR

@=11 BT 6 BRIE, 4 BIBARME, FES 514

2001 £ 12 B, EEHERBRHTaT 77— BRI (R4, FA% 10 B LINIC/REE A
1% MRSA I & 2 A7 F 7SR5 B & 153 B4 B0 BIEHEREL £l L 2B
HERE(SSSS) AR OB ETIIT BRE, W M, RIRRAICHEBE TR RO L %2 b olist
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a, FEGIO ABRE

EtD@HD@*@%fﬂEFh

b—2. EHE#%6H

YEAER T

EWUS J" I\—)bZﬁZ%H'I?iZE

B%2H

b—3. HEk 2B

é%/\ S mr D, ZO®ILELA BB B coh

FRABROREL, OIEET
2, a7 77— 180 MSSA -k 2 SSSS] HIRRD 1 RO AP LR > TBY, Blokk
Bl a7 s —EE D MRSA = & 2 7k EEEIN, TRBOICIE, BRI

Bl 732 1B D 35E L 72, 8 H, SSSS o
FEBRTH S 237275 —+1 18 MRSAT bk
ZPFGE T T L2 2 %, FEHIED 64
BT XTRE—TH Y B & Wi LB,

MSSA L&\ SN T Wiz ®, BIRORERY
RTHID=01, KEDOEEZE»VT I b—1n
WA R TIT %72, UL, SO
BHAMELE > Twhldi, 2hET
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2 12H

R W) DRERT 2002 F B - 3

MRSA OB KL L T W BE» 5D KRIED
T RVEREARE S NT, BCLERERE
TAZ ko725,

FEREM (8 f51) & FEFERERY (20 f51) o Pl ad L
72HENE (RIEEDH 4 - THA Y KR - W5 1Y)
FHOF M - N7 HELOFE - iFlelE) 2R
L7z,

1) wFLEI%k & R8¢ 28 1 4 B owiFLE Ehs b
LT EFIE LR T,
RAETE(6.0£2.4) © JEFIEFE9.6:2.6)
P=0.0041

2) TEA V) REM & RIAE W5 HEOTEDR D
HIP R WIZEFRE LR d 0,
FEREFE(49.0+422.9) ¢ FE FAEBE(29.2+
13.9)P=0.0091

3) BHAWE L ALIWE : ALHAWE DI
9 IRGE LT\,
BELANTERIEG I RAENS:2)
P=0.0384 (Fisher D& #HESR)

DI ED#ER» 6, BIAD & o B-Figm & A3
KBRS LD, MOUBMEEZ LN,
%72, MRSABRIFEIRTE > Tnwdedi
REDHEHFERICIIWMETH L ehgL, KE

FmEM( ) PE SSSS HEEH

ZE MRSA HAl - BRIFRAERR

DY TEHRMER I EEFEROBE D LR L 72
FHBEEPBRLTLEY 72001, BRI 57
B EALE AR  AREMED D B

@=12

20024 9~12R 12, 2 7 75 — v &
MRSA 2 & % SSSS 1T 17 &5 &, ORI
FEIE, QRBEMEHRMITb 5 3E, @10~
11 A @ NICU FEFI 2 & $i4E RBHEER 0 (R B iR
TITet, OREFEG 1IN TR WL
b, DUWREFIC BT 2 RS AMRE REEW, 1)
SIS HEVCICRFREM, 2)0BSRAD
RERERE T K, SHEE 1 &0 R E
PHREL2VEREND Y, N2 oo sikE
2T REDRRE AT, LIETRERZ L (),

ASEDBEMITBNTEALTZ LI, LUTFD4
D2TH D,

O MRSA DR EHMRERHRI TR T T
ET\WwB Ik, 2001 4ELIRIIE—FE D RBR L %
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DFFHLAA—FIZEZ bNDE, FNIIHBED
BV INL P 72 5 Th b, FENE
B2 LB EIDRATE VPV IDBERETH 55
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